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Osteochondral tissue engineering presents a challenge to research

due to requirements’ combination of bone and cartilage tissue en-

gineering. It has been accepted that bilayered structures are more

adequate to regenerate an osteochondral defect. These should

be able to incorporate/induce different types of cells in a favourable

environment requiring different biochemical and mechanical cues,

leading to the growth of two different tissues. A potential strategy to

be discussed, also developed under the scope of HIPPOCRATES, is

based in a hydrogel and CaP coated fibres meshes. Nevertheless,

focus will be on the development of bilayered chitosan-based

scaffolds produced by particle aggregation. This methodology is

proposed to achieve an improved integrative bone and cartilage

parts’ interface, since any discontinuity is likely to cause long-term

failure. An extensive characterization was carried out. Dynamical-

mechanical analysis has demonstrated that scaffolds are me-

chanically stable in wet state under compression solicitation.

Micro-Computed Tomography was performed for accurate mor-

phometric characterization quantifying porosity, interconnectivity

and pore size. In composite scaffolds, surprisingly it was observed

an in-vitro cytotoxicity when unsintered hydroxylapatite was used.

This study reports the investigation that was conducted to overcome

and explain this behaviour. It is suggest that the uptake of divalent

cations may be inducing the cytotoxic behaviour. Sintered hy-

droxylapatite was further used showing no cytotoxicity. Attention

was paid primarily to chondrogenic differentiation of ATCD5 cells

by developing polymeric systems that provide insulin release.
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Despite some successes in the tissue engineering field its evolution

seems to be tampered by limitations such as cell sourcing and the

lack of adequate scaffolds to support cell growth and differentia-

tion. The use of stem cells combined with cell sheet engineering

technology seems a promising way to overcome these limitations.

In this work bone marrow cells were flushed from 3 weeks old

Wistar rat femurs and cultured in basal DMEM medium until

subconfluence. Cells were then transferred to thermo-responsive

dishes (3�105 cells/dish) and cultured for 3 weeks in osteogenic

medium. Cell sheets were recovered from the dishes by tempera-

ture reduction and subcutaneously transplanted into the dorsal flap

of nude mice. The histological characterization was performed

before and after implantation using haematoxylin/eosin (HE) and

alizarin red staining. H&E staining showed that the cell sheets

before implantation were composed by a multilayer of cells em-

bedded in a collagen matrix while the alizarin red revealed ex-

tensive calcium deposition. A similar analysis of the implanted cell

sheets showed a good integration with host tissues without visible

inflammatory response. Calcium deposition was visible several cell

layers above the flap’s basal cells both after 3 and 6 weeks of

implantation suggesting the induction of mineralization by the

implanted cell sheets. The present work shows promising results

concerning the application of cell sheet engineering for bone-

related applications and future work may confirm the suitability of

this powerful technique for bone tissue engineering purposes.
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In this study an extracellular matrix hydrogel scaffold validated as

a candidate for both in vivo and in vitro cell expansion was derived

exclusively using the components of a patient’s own blood, so as to

overcome any histocompatability issues.

Blood was fractionated into platelet poor plasma and then was

gelled by the addition of either basal or bespoke cell culture media,

creating a stable hydrogel at 378C. This hydrogel was demon-

strated to be a suitable substrate for the culture of both lineage

committed cells, including articular chondrocytes and dermal fi-

broblasts, and multipotent cells such as human dental pulp pro-

genitor cells and mesenchymal stem cells derived from umbilical

cord and bone marrow. The proliferation of the cells was greater

than those cultured in Matrigel. The gel also permitted microvas-

cular formation from blood-derived endothelial cells.

Cell-loaded hydrogels were implanted in rats and NOD/SCID

mice using an injection strategy which allowed the components of

the gellation system to mix at the point of implantation, allowing

the precise delivery of the gel into a defect site using a minimally-

invasive procedure. The gel supported the expansion and pheno-

typic maintenance of primary dermal fibroblasts and osteoblasts

for extensive periods in vivo.

The hydrogel supported the proliferation of a broad range of

clinically-relevant primary human cells in vitro and demonstrated

translation into an in vivo model. This is an excellent candidate for

use as a non-immunogenic, autologous scaffold enabling the precise

localisation of cells into a defect using minimally-invasive surgery.
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Porous scaffold is an important factor for tissue engineering to

accommodate cells, control their functions and guide new tissue
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